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Earthquake Resistance of High-Rise Building Systems 
In considering the earthquake resistance of high-rise building 
systems, particular attention must be devoted to structural, 
architectural, and mechanical systems and their interactions. 
As complete an identification as possible is needed of the tall 
buildings around the world and the details of the systems that 
are used therein which will be suitable for sys·tems' studies. 
If the performance of these systems can be documented, the .. result 
will be the correlation of earthquake resistance with the identified 
tall building systems. 
The basic questions are these: 
-What is the nature of the buildings -- the targets of 
earthquake loading (what are the structural and other 
building systems)? 
-How have the various high-rise systems in existing 
buildings performed in earthquakes? 
-Can the resistance and response under earthquake 
loading be correlated with the particular system 
types and current analytical procedures? 
Improved life safety, more successfully designed new buildings, 
and the development of a systematic method of l~owing which 
tall building systems have the best potential perfomance are 
all aspects of the applied problem toward which research is needed. 
Beyond earthquakes, the other hazards to which tall buildings 
can be subjected such as fire, wind, accidental loading, and 
landslides are also appropriate topics for examination. 
STATE OF KNOWLEDGE 
The basic principles of earthquake loading and the response of 
tall building structural systems are known. This information 
has been brought together in the Honograph on Planning and Design 
of Tall Buildings (Council, 1980a). On the other hand, there is 
much less known about the earthquake response of the mechanical 
systems and of architectural systems. Yet their satisfactory 
performance in an earthquake is in some ways just as vital to 
total building performance as is that of the structural system. 
This point has been emphasized in the NSF booklet "Architects 
and Earthquakes" (AIA Research Corporation, 1975). It is 
dramatized by recent experience in which "the buildings remained 
standing; yet the total damage was assessed at up to 70% of 
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replacement cost, related mainly to damage of non-structural 
parts. In addition, hazards to life safety were increased 
dramatically by failure of these components." 
Information on Existing Tall Buildings and Their Systems 
One of the most important aspects of protection from natural 
hazards (earthquakes, wind, fire, flood) is to know the targets 
and their characteristics. What are the buildings that are 
likely to suffer from this damage? What structural and other 
systems are used in these buildings? 
Information on over 3000 tall buildings has been collected and 
reported upon in prior research with the assistance of members 
of the Council of Tall Buildings and Urban Habitat. This data 
has been included in Volume SC of the Tall Building Monograph 
(Council, 1980b). Buildings in 62 countries and 405 major cities 
are listed in tabulations that include location, date of com-
pletion, height, number of stories, material of construction, 
and use. An example of a typical page taken from the Monograph 
is shown in Fig. 1. It is a type-set version of the computer 
data base maintained at Lehigh University (Driscoll et al, 1980). 
It represents the base to which must be added the remaining 
buildings in the world that can be identified as "tall". The 
sources from which the data base was built represent the resources 
(both as individuals and as literature) for the much-needed 
additional information on tall building systems. 
Except for isolated case studies, important as these are, no 
systematic classification or identification of the systems is 
available. A prior survey by Yuceoglu et al (1977) has identi-
fied the literature for at least fourteen different classes of 
equipment and machinery typical of industrial installations. 
Seismic design of the connection details of such installations 
was a key factor in that study. 
Performance of Systems and Correlation Between Systems and Performance 
It is true that there are isolated studies available of particular 
buildings (Bouwkamp, 1966, Galambos and Mayes, 1978) and the results 
of the work of damage evaluation teams formed to study the effects 
of particular earthquakes, such as Yugoslavia in 1963 (Berg, 1964), 
Alaska in 1964 (NRC, 1968), San Fernando in 1971 (Lew et al, 
1971), Nicaragua in 1972 (Meechan et al, 1972), and Romania in 1977 
(Fattal, 1977). Bu~ there is no systematic correlation between the 
systems and the performance of those systems, let alone a compre-
hensive listing of the damage to tall buildings as such. 
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Recent studies are beginning to provide information that will be 
most useful in the needed research. . Arnold and ·Elsesser (1980) 
are examining the influence of building configuration factors and 
are attempting to predict their seismic response -- going beyond that 
which is available elsewhere in the literature and so effectively 
summarized in the AIA Research Corporation "primer" (1975). Chen 
et al (1980) have examined industrial steel storage racks under 
seismic load, and Chen (1980) has developed an approach for 
building equipment. Goodno et al (1980) are producing definitive 
information on the effect of cladding, a topic of major importance 
to a full understanding of building response. The work of Biggs 
(1980) will be useful particularly in connection with reinforced 
concrete tall buildings -- the most numerous in any case. 
The studies of mechanical systems and their earthquake response 
(Yuceoglu et al, 1977) have shown, in fact, a major limitation in 
that field: Most analytical and design methods apply only to 
systems which can be modeled dynamically as a single degree of 
freedom system. 
An indication of the seriousness of the gap between the structural 
systems and a knowledge of their performance has recently been 
described by Degenkolb (1980). He claims that systems known 
to be deficient are being reintroduced into practice. With 
California engineers in the forefront of earthquake resistant 
design, it seems clear that improved documentation of the suit-
ability of various systems is needed. 
Earthquake loading, of course, is but one of the many hazards that 
can be associated with the high-rise. In prior research, data on 
earthquakes and other hazards were identified (Beedle, 1979), and 
the tabulation in Fig. 2 is taken therefrom. 
Implementation 
It is not enough to collect new information. It must be applied to 
practice. The term given to this process is Implementation. 
The implementation plan of the Council on Tall Buildings and Urban 
Habitat has as one of its major thrusts the involvement with code 
and specification groups in the incorporation of the latest research 
information into their documents. A work plan has been developed 
(Beedle, 1980a), and a preliminary statement of the new information 
contained in the tall building Monograph has been prepared (Council, 
1978b). It represents input from the editors of the 52 chapters 
of the Honograph and also contributions of the Lehigh University 
project staff. 
Active work in the area of implementation of new knowledge of tall 
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buildings into design practice started with the selection of the 
American Institute of Steel Construction Specification (1978) as 
a basis for examination. That specification is particularly important 
because it forms the basis for many codes and standards used in 
the design of earthquake resistant structures. A special study 
committee was appointed by the AISC with Fazlur R. Khan (of 
Skidmore, Owings and Merrill) as chairman. Its initial recommenda-
tions have now been assembled into a report (Lu, et al, 1980). 
Upon review and approval by the study committee, changes will be 
recommended to the main AISC Specification Committee, thus opening 
the way for incorporation into engineering practice the results of 
prior research information collected by the Council. In a 
similar but less formal way the writer has partici-
pated as a member of a special AISC committee to develop design 
criteria for Load and Resistance Factor Design (LRFD), a subject 
that was covered in the prior research. These same mechanisms should 
be applied to other codes, standards and norms. 
METHODS AND PROCEDURES 
A fi.our-part program is suggested in the following paragraphs that 
utilizes the unique capabilities of the Council on Tall Buildings and 
Urban Habitat. In addition, it should involve working with the 
Research Council on Performance of Structures. Both of these 
Councils have strong liaison ties between industry and university 
personnel. Especially important is the international nature of the 
Council on Tall Buildings and Urban Habitat which has contacts 
with earthquake specialists all over the world. For example, 
22 countries were represented in the preparation of Monograph Chapter 
CL-2 which deals with earthquake loading and response of tall 
buildings (Council, 1980a). Computerization of all of the data should 
be the focus in every step of the research. Eventually these should 
be interactive computer programs, drawing upon nationally available 
data bases. 
Full Development of High-Rise Building Data Base and Identification 
of Systems 
As noted above, a considerable amount of information about the 
essential physical characteristics of tall buildings has been 
collected and reported (Council, 1980b). The information needs 
to be made as complete as possible in order for the performance 
evaluation to be fully significant. The Council on Tall Buildings 
has representatives around the world who are available to provide 
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information both to add to and to update the data base. More recent 
contacts will make it possible to expand the coverage to include 
all of the countries with cities that have buildings nine stories or 
more in height. 
A prior study that eventually led to the publication in the 
Honograph (Council, 1980b) identified the structural systems used 
in tall buildings. But more detail is needed if a proper evaluation 
of those systems is to be successful. The tall building framework 
subsystems originally developed included 12 different categories 
(commencing with "rigid frame," "braced frame," ''staggered truss," 
and ending with "bundled tube").;': In the new work, to this must 
be added designations that account for such things as variations 
in structural system with height, material, connection details, 
and building layout and configuration. 
If there were only a few tall buildings in the world, then it 
would not be as important to know which systems were used rior 
would it be necessary to classify or codify them. But with the 
large numbers of buildings now extant and the even larger number 
to be built in the future, a refined classification system is 
essential. The more extensive categorization will be used in 
classifying the new information to be evaluated in the project. 
Further, it is recognized that information on more than just 
structural systems is needed to fully evaluate earthquake per-
formance. Therefore, information should be examined also on 
architectural systems (cladding, partitions, walls, floors, 
ceilings, layout) and on mechanical systems. A more complete 
list of all building systems -- functional, physical, loading, 
and implementation is shom1 in Fig. 3. 
The Tall Building Council Topical Committees can provide advisory 
guidance to assure that the identification of systems associated 
with earthquake response is as complete as possible. 
A scheme should be developed that identifies a building with its 
systems and then with the performance of the systems in that 
building. A. sample is given in Fig. 4. It identifies the building, 
the event (earthquake, fire, or other hazard), the system(s) 
involved in the event, the response, and the reference to source of 
information. 
The question arises, of course as to what is "performance". 
What is "response". The following damage categories are suggested, 
*This listing includes all of the designations contained in the 
ATC categorization (Applied Technology Council, 1978) and extends 
beyond it in several respects. 
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recogn~z~ng that refinements will be necessary. They are a 
condensation of those contained in the Monograph (Council, 
Committee 6, 1980). 
Category 
0 
1 
2 
3 
4 
Description 
No damage observed 
Some damage, not widespread, repairable 
Repair needed (stiffening, patching, 
limited replacement) 
Extensive damage (repair and partial 
replacement possible) 
Total failure. 
(Eventually other columns will need to be added to the 
above table to provide alternate descriptions that apply 
to the functional tall building systems as distinct from 
the physical systems. For example, for a functional system, 
such as "security", category 0 might be "fully satisfactory" 
and category 4 might be "completely inadequate".) 
Starting from a data base already commenced to record and identify 
specific case studies and field observations, one can forsee, 
eventually, a classification scheme that focuses on the system 
with an indication of the particular buildings that utilized those 
systems (see one possible format in Fig. 5). 
It is in this form of analysis that the collected information would 
be of particular use. From the computer printout arranged according 
to building system, all the buildings utilizing that system would be 
brought together -- along with the response observed. This would 
facilitate the evaluation of the efficiency of that particular 
system in resisting the earthquake or other hazard. Obviously a 
computer-oriented approach is required in such study. It could be 
an extension of a program already prepared by the Tall Building 
Council. 
Into this system, then, could be fed the documentation which is 
described in the next phase of the needed research. 
Documentation of Performance of Building Systems and Evaluation of 
System Performance 
The performance of individual buildings can be documented through 
the use of case studies, information in the Honograph,.and infor-
mation collected from designers. The evaluation of system 
performance (namely, the correlation of performance with the 
system)can be carried out through an analysis of the case studies, 
of research information most recently available, and 
through new theoretical studies. 
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Documentation can come, first, from the Honograph itself as a 
main reference. Next are the technical journals. From these sources 
a data base of earthquake case histories of tall buildings 
can be established. The more recent unpublished information of 
those specialists who contributed to the Monograph is· another 
source. Additional input can come from organizations such as the 
Earthquake Engineering Research Institute (reconnaissance reports 
on major earthquakes), the U.S.G.S. (reports on all U.S. earthquakes), 
the Seismological Society of America, the Army Corps of Engineers, 
and a number of similar organizations in foreign countries. 
The Tall Building Monograph itself is a rich source of information. 
Much data is included therein on the various systems, but that 
data has not been analyzed from the standpoint of correlation 
between system and performance. For exampl~, Chapter CL-2 
(Earthquake Loading and Response) has an excellent summary of types 
of tall buildings and their behavior (p. 88) and the principles 
described there will be valuable to the designer. But there is 
no specific comprehensive comparison between system and performance 
in actual buildings. Similarly, Chapter CL-4 deals extensively 
with human response to catastrophe. Chapter CB-6 describes 
methods of analyzing non-linear response of frames. Chapter SB-7 
gives definitive information on beam-to-column connections under 
earthquake loading, but without a comprehensive correlation of 
failures with systems. Thus the appropriate Uonograph chapters 
can be examined with the objective of identifying earthquake per-
formance in comparison with the systems the~selves. 
Certain failures are well noted in the literature. For example, 
in Alaska 1964, "80% of the earthquake damage to elevator machinery 
was caused by motor-generator sets being thrown from their vibration-
isolation mounts" (Ayres et al, 1973). ·Another example was the poor 
performance of many pre-cast concrete structures in this earthquake. 
The interactive system failures will be a significant outcome of 
this research. As noted in Architects and Earthquakes (AIA Research 
Corporation, 1975), "If a building is not tied together to respond 
as a unit ••• failure can occur beginning at the weakest element." 
A dramatic example of interaction failure occurred in Niigata, Japan 
in 1964. Several tall apartment buildings tipped over completely 
due to foundation failure while remaining otherwise intact. 
One of the problems in such an examination has to do with the 
criteria that controlled the design. Sources of such information 
i~clude the predictions contained in the original case study 
itself, data that can be solicited from the'original designers 
themselves, or analyses that could be made by the investigators. 
An example of the latter is the recent Lehigh study by Gonzales, 
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Lu, and Huang (1980) of the Imperial County Services Building, 
damaged in the October, 1979 El Centro earthquake. It was 
possible, as a result of the instrumentation installed on that 
building, to perform full dynamic analyses of the building and to 
examine the causes of the observed failure. (The collapse of the 
columns along the east end of the building was predicted by 
the analysis.) 
Dissemination of Information 
One of the first steps in dissemination of information actually 
takes place during the collecting of the information. That phase 
incorporates a review of the earthquake and hazard information (both 
the input · fr.om ·the 'council membership and the analyses developed 
by the investigators) by the appropriate Council topical committees. 
Many of these individuals are leaders in design practice. Their 
access to new information is an important step in dissemination 
and can result in the most rapid utilization techniques available 
-- putting new information into the hands of a designer who is 
ready and anxious to use it. 
A second step in dissemination is the publication and distribution 
of proceedings resulting from workshops, symposia, and conferences 
that should be held. 
A third and the major dissemination effort should be devoted to the 
preparation of the collected material into so-called "Monograph 
Update" volumes. The state of the art in many topical areas is 
changing very rapidly. It is necessary to attack the problem of 
the time delay between the development of new information and its 
availability to potential users in final form. For example, while 
the original Monograph chapters were still in preparation, new 
information, became available. But· it could not be i~corporated 
without serious delays to the work already in process. The result: 
some of the developments just published are as much as five years 
old. The "new" Honograph can very quickly become an "old" Honograph. 
Thus updating is essential. 
A fourth and final phase of dissemination relates to the ultimate 
development of a computerized planning and design data base. Such 
data bases are an essential part of much professional practice 
(medicine and chemistry, for example), but have never been fully 
developed in the field of structural engineering, not to mention 
tall buildings. A national, integrated, computer-interactive 
data base is iOevitable. The Tall Building Council Standing 
Committee on "Planning and Design Data Base" has already started 
informal discussions on the subject. 
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Implementation 
Effort has been started in a modest way on a detailed comparison 
between selected codes and specifications with the concepts con-
tained in the Monograph. This needs to be expanded (Kowalczyk, 
1980). It is expected that comparisons with codes of other 
countries also could be available, and this will show where there 
are additional potentials for improvement in USA provisions. Such 
a document that highlights key features of the Honograph and 
compares them with corresponding provisions of selected codes 
can have a manifold potential benefit. It can stimulate the inclu-
sion of still other codes into the comparison data base. It can 
afford other specification groups an opportunity to make revisions 
to their own code of practice. It can provide a useful document 
for classroom instruction, since a philosophical basis for codes is 
suggested (by comparison, at least). Finally it can stimulate 
study and research by groups concerned with codes and design guides 
as to why their own particular provisions are not in agreement 
with others. 
Workshops and conferences should be scheduled at appropriate times 
and places. Such gatherings still remain one of the most useful 
implementation plans yet developed -- the person-to-person exchange 
of views and information. 
Sill1HARY 
In summary the major research questions that should be addressed 
are the following: 
1. What are the specific characteristics of the tall 
building systems (structural, architectural, and 
mechanical) that are built throughout the world? 
2. How have these systems performed in earthquakes? 
3. Can the resistance and the response be correlated with 
the particular system? 
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The results of the suggested research would be the following: 
1. It will provide_ a record of what tall building systems 
are actually used. 
2. It will tell us which systems in existing buildings 
and which combinations of systems are more effective 
and which are less so in resisting earthquake. 
3. It will facilitate recommendations for remedial action 
in existing buildings -- if such recommendations 
are required. 
4. It will give designers of new buildings an improved 
approach to providing structural, mechanical, and 
architectural systems that will be less susceptible 
to earthquake damage. 
5. It will bring experience gained internationally to 
bear on USA practice. 
Tall buildings that are more successful in resisting earthquake 
damage should result. Improved life safety and an increased 
sense of security should be achieved for those involved in high-
rise living -- a habitat which is increasingly becoming the future 
life and work environment. In the long-run a systematic way will 
evolve for knowing which tall building systems have the strongest 
potential for success. 
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Fig. 1: 
v .. Numb« HeiQIIt 
8uildlng CompleCed olaton• meter. ,_ Matl8ri .. u .. 
Argentina 
Bueftoa~ 
AIIU 1950 ol2 ,., 42 COnctwtll IOattlllent 
Viamonte No. 1•711$1 1~9 31 125 C10 c:anc:rete aoanmem 
U.l.A. 197• 32 118 3IU concrete office 
Catalina NOrte 1918 JO 11!1 378 concnrte office 
Torrw Oomao 1970 3' 111 313 concrete aoartment 
Kavanaoll 1935 32 10!1 l'S concrete a!lattment 
Plretll 197• 2tl 10. 340 concrete office 
F1oridll 1035/95 1938 32 101 330 c:oncrete ~~~attment 
Brunetta 1982 32 101 330 concrete office 
OomQo 28SIIt 1987 32 9!1 325 concrete a!lattment 
Conuroan 197• 27 92 303 COncnttll office 
Sll«aton Hotel 1973 23 91 297 concntte hOtel 
Aw. Aiem. S. Martin y MaderO 1989 25 89 292 concntte hOtel 
Laa Heraa 17381!10 1989 JO 87 287 Concntlll apanment 
Poudaa 1258162 111& 28 83 272 concntte aoanment 
M.O.P. · 1931 23 concntte office 
Australia 
Adetaide 
Grenfell C.ntre 1975 2tl 10. 340 concrete office 
AnMUc.tltre 1978 21 7!1 2<18 concrete office 
~tOfflce 1980 19 73 2.a concrete/ st11111 office 
A. M.P. 19118 18 73 2.a stilet/concrete office 
A4etaidll HOUM 1970 19 71 232 concntte OffiCII 
E4ucatlon 8uii4111Q 1978 17 17 220 concrete office 
A-Sank 1981 17 17 220 concrete office 
Slate AcSministratlon Centre 19118 IS 17 220 steet/concntte office 
Commvnlcatlons c.ntre 1970 17 220 . concrete teiiiiiiiOM eXCI!anql 
Kii!Q William T- 1975 19 115 212 CDIICfet!l office 
Sun Alliance HOUM 1975 19 IW 210 c:oncre1e office 
l.M.F.C. 1971 19 19 210 concrete offlc:e 
BtlsOane 
State Gowt. Ina. office 1970 JO steel office 
180 Ann StiNt 19r. 21 concrete office 
Cant.mt 
M. L. C. T-Ilt 82 270 
l.lliiiSidll Hotel 56 183 llotet 
Juli-HOUU 50 183 
Oatwtn 3 .a 156 
AMP 8uii4111Q .a 157 
Rullllll: Blclg. t' ., 1'8 
Hoaart 
Wrnt Point CUino 1973 21 70 230· concrete notet 
Com-.a~tn c.ntnt 197C 18 51 200 conenttll office 
A.M.P. 1970 17 81 200 concrete office 
s.s.r. 1975 1. 59 198 concrete office 
Public: 8uii4111Q11 1989 17 58 190 concrete office 
A-Bank 1977 12 ,. 177 concrete ofllce/tlank 
Hy4ro Electric: CcmmiAion 1972 13 C9 180 mixll4 OffiCII 
Landa Buil41119 1978 ,. •7 153 Conc:nttll office 
Meline 80UIS 1972 10 48 151 conc:ntte office 
T.G.I.O. 1878 11" 37 13!1 concrete office 
M.L.C. 1982 11 32 107 concnttll Office 
Metboume 
Colllne "'-AMP T- u.c. 51 183 1!02 office/ hotel 
Colllne PI-ANZT- 1878 C7 183 1!02 office 
N.WHCIUM u.c. •7 137 5!10 c:oncratll office 
Slatii&Mk u.c. ., 187 5'8 offiCII 
B.H.P. HouM 1972 
" 
153 50' ,, ... office 
COIIImonWIIItltll a.lk 117'• 35 152 500 Steel office 
ColllneWIIIIIS 1978 38 1!10 -'92 ottlce 
City Mutul 1973 3!1 12C 4011 concrete office 
M.L.C. 1973 "3!1 121 397 concrete office 
Mlt1antiH- 1972 33 118 390 concrete office 
M.M.B.W.H.O. 1972 2C 113 372 mixe4 office 
A.M.P. SL Jamn 1970 113 372 concrete office 
500 Colllne Stntlll 1972 27 10!1 3'!1 concrete office 
C. A.A. 19112 23 98 32C mixe4 office 
P.ntTOWIInl 1970 31 90 298 concrete a!lattl'llllftt 
'" SL Kil411 Road 19r. 13 ., 148 Concntlll office 
T ana a BuilellnQ 191 .. 19 Conc:tlltll office 
Sydney 
ll.LC. Centnt 1878 70 2.a 7811 concrete OffiCII 
A.M.P. c.tltre 1873 .. 181 51 .. concrete office 
Sample Page from Table 4, "Tallest Buildings in Major Cities" 
(Council, l980b) 
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1.) Hazards due to loading 
Earthquake 
Wind 
Fire 
Blast, accidental loading 
Gravity load 
Flood, rain, storm 
Landslides 
Shrinking, swelling, and subsidence 
of soil 
2.) Hazards in construction 
Quality control of material 
Construction failures 
3.) Design Failures 
Stability 
Connections 
Stiffness 
Foundations 
Motion Perception 
Environmental Factors 
Mechanical and electrical systems 
Cladding, walls, partitions, floors 
Urban Services 
Architecture 
Urban Design 
4.) Planning Failures 
Regional planning 
Economics 
Social effects of the environment 
Systems methodology 
5.) Decision-Making Failures 
Socio-political influences 
Project Management 
6.) Conceptual Failures 
Philosophy of Tall Buildings 
*Refers to chapters in the Monograph 
CB-8, 
CB-12, 
CB-9, 
CL-2* 
CL-3 
CL-4 
CL-5 
CL-1 
SC-5 
SC-7 
SC-7 
CL-6 
SC-8 
SB-4 
SB-7 
SB-5 
SC-7 
PC-13 
PC-7 
SC-1, 2, 3 
SC-5, 6 
PC-8,9,10,11 
PC-6 
PC-8 
PC-8 
PC-5 
PC-3 
PC-15 
PC-4 
PC-14 
PC-1 
Fig. 2; Potential High-Rise Hazards 
12 
474.1A 
r------------
1 l.olllli•8 Sy.ums 
GnYicy 
Temperaaue 
~ 
P.ire 
Aa:idanal loadiag 
Water and snow 
Utilizarioa (commercial, Puking 
tesideadal) 
Ecological 
Sire 
Esthedcs 
Sp.ce Cogaidoa 
(sigaia ) 
Acxesa aa'l Evacuarioa 
Idltracioa Prorectioa 
Eaviroameatal 
Traasportadoa 
Pouadatioa 
Sti'IICtW'al framework 
Mechaaical and Service 
Systems 
Electrical 
Utilities 
Owuenhip, Piaaociog 
Operac:ioa 
Maiateaaace 
Maaagement 
Building Services 
Commuakatioa 
Securicy 
Fire Proteaioa 
Urban Services 
Energy ~deacy 
Architec:mral (cladding, 
walls and partitions, 
Boors, ceiliags) 
Fittings and furnishings 
Contents (equipment, stores. 
people) 
BuilJi,g lmplemtmtlllitm Systems 
Need 
Planning 
Design 
Construction 
Operatioa 
Demolition 
~ig. 3: Tall Building System (THE TIMES, Vol. 11, No. 2) 
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Identified 
System 
Eveut Involved in the 
Build ius Type_ Date No. Eveut 
SF Chronicle Earthquake Apr.l8, l 3.324 (b) 
1906 12A.l43 
SF Chronicle Fire Apr.l8, 2 3.324 
1906 
James Flood Earthquake 1906 1 3.325 
Fire 1906 2 12A.l51 
12A.22l 
Anchorage Earthquake 1964 1 2B.724 
Westward 
'Hotel 
al Categories as follows: 
0 • No damage observed 
1 • Some damage, rep~irable, not widespread 
2 • Repair, stiffening, or patching required 
Observed a 
Response Pre-
Catesories diction 
0 
3 
1 
0 
1 
3 
1 
3 • Extensive damage. Repair and partial replacement possible 
4 • Total failure 
Reference 
Council, 1980a 
Council,. 1980a 
Council, 1980a· 
Council, 1980a 
Council, 1980a 
Council, 1980a 
Ayres, 1973 
b) Numbers to right of deliminator are indicative of detailed codification scheme 
under development._ 
Fig. 4: Tall Buildings. Razards.and Their Response Thereto. (Sample) 
47"4; lA 
System Building 
Structural Systems 
3.324 
Event Action under event · 
Response(a) 
Observed Predicted 
S • F • Chronicle 06- l 
06-2 
Undamaged 
Undamaged (except for unprotected col.) ~ 1 
(b) 
3.325 James Flood 06-1 
Cladding Systems 
12A •. 143 S .F. Chronicle 06-1 
12A. 151 James Flood 06-2 
12A.221 James Flood 06-2 
Mechanical Systems 
2B.724 Anchorage 
Westvard Hotel 
64-1 
Undamaged 
Brickwork damaged 
Spalling around· window opening 
Column protection badly damaged 
Water close.t connection 
se.als de.velope.d leaks 
~-----------------------
(a) Se.e footnote on Fig. 4 for description of response cate~ories. 
(b) No dynamic analyses are available. 
Fig. 5: Systems Used in Tall Buildings and Their Response. 
15. 
0 
3 
1 
3 
1 
(Sample) 
(b) 
(b) 
(b) 
(b) 
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